In a previous paper (1), we have mentioned various studies dealing with thioureas and sulfonamides which have led to the use of one of the thiourea derivatives, thiouracil, in the treatment of patients with thyrotoxicosis (2, 3) . Evidence continues to accumulate that when this drug is administered to patients or experimental animals, the production of thyroid hormone is inhibited, resulting in a fall of the basal oxygen consumption, increased activity of the anterior pituitary, and consequent hyperplasia of the thyroid gland. We have also pointed out (1) the importance of knowing more about the pharmacological properties of this drug, particularly the rate of absorption and excretion and its metabolism. For these studies, we found that it was necessary to establish methods for the estimation of this substance in tissues and body fluids. The methods which we found suitable (1) are based on Grote's observation (4) that a color develops when substances of a C = S type are treated with a special sodium nitroferricyanide reagent. Thiouracil3 has the C = S linkage and we found that it gives a greenish color which can be estimated by means of an Evelyn photoelectric colorimeter. We refer the reader to our previous report (1) for a consideration of the specificity of the method. However, we wish to state here that whereas we have not proved directly that all of the color obtained is attributable to thiouracil, the evidence strongly suggests that such is the case.
ABSORPTION AND EXCRETION
In conducting the experiments relating to the absorption and excretion of thiouracil the following points were investigated:
IThis investigation was aided by a grant from the Milton Fund of Harvard University. 2 Fellow of the Commonwealth Fund. 3 The thiouracil was supplied by the Lederle Laboratories, Inc., Pearl River, New York.
(1) The rate of disappearance of the drug from the gastro-intestinal tract.
(2) The quantity broken down in the stomach and intestines, either by enzymes or by bacteria. ( 3) The proportion of thiouracil excreted as such in the stools.
(4) The interval between its ingestion and its appearance and accumulation in the blood and urine.
(5) The frequency of administration and the total dosage necessary to establish and maintain a constant level in the blood stream and a constant rate of excretion in the urine. (6) The interval between the discontinuation of treatment with the drug and its disappearance from the excreta.
(7) The proportion of the total amount of thiouracil ingested which is recoverable from the urine and feces.
A few of the studies were found to be conveniently performed with rats, but most of them were carried out in man.
Experiments with rats
The rats used were of the Wistar strain. They weighed about 200 grams and were not fasted.
The purpose of the first experiment was to determine the rate of absorption of thiouracil from the gastro-intestinal tract and the segments from which it is absorbed. Each of 3 rats was given 5 cc. of a 20 mgm. per cent solution of thiouracil by means of a stomach tube. Two hours later the animal was killed by a blow on the head and sutures were placed in such a manner as to isolate the stomach, duodenum, jejunum, and ileum. These segments were ground and their content of thiouracil was determined (Table I) . A small portion of the drug was found in various segments, but from 76 to 91 per cent of the amount ingested had disappeared.
In another experiment, using ether anesthesia, 613 (Table III) . The duodenal, as well as the jejunal contents, caused an even greater destruction, whereas the ileal material had no effect in any experiment. Therefore, the disappearance of the thiouracil from the isolated segments of the gastro-intestinal tract may have been partially due to destruction of the drug, rather than being due entirely to absorption. Further studies were conducted to determine more definitely the amount of drug absorbed from the gastro-intestinal tract and the amount destroyed therein. Eleven rats were given 5 cc. of 100 mgm. per cent thiouracil through a stomach tube and one hour later they were killed by a blow on the head. Immediately thereafter, the gastro-intestinal tracts of 7 animals were removed, without spilling any of the contents, and the total amount of thiouracil was determined in 4 cases. The carcasses of these 7 animals, as well as those of the 4 rats with the gastrointestinal tract intact, were homogenized by means of a sausage grinder and a Waring blendor and the total amount of thiouracil was determined. All urine passed during the hour was added to the carcass mixture. In analyzing the results, we have considered the amount of the drug unaccounted for as being the maximal amount destroyed in the gastro-intestinal tract. However, the actual quantity destroyed is, no doubt, somewhat less than this since the recovery 8 hours, at 2-hour intervals for 4 hours, and daily thereafter for 6 days. Thirty minutes after the first dose the blood was found to contain 2.3 mgm. per 100 cc. (Figure 4 ), but within another 30 minutes, it had fallen to 1.2 mgm. per 100 cc., remaining at this approximate level until the next dose was given. One hour after the second dose, the concentration was 3 mgm. per 100 cc., but thereafter continued to fall until the third dose was administered. However, after the first 24 hours, the level was found to remain relatively constant during the 5 days that it was followed. Small amounts of thiouracil were excreted in urine during the 20 minutes following the ingestion of the first dose of the drug, and there tended to be a progressive increase in the rate of excretion until the end of the first 24 hours. For the next 5 days, the rate of excretion remained strikingly constant, being about 510 mgm. per day.
In Figure 3 are plotted the concentrations of thiouracil in the whole blood of 8 individuals. Subject 5 was a normal man, subject 8 had mildly active rheumatic fever, subject 3 had mild diabetes, and the other 5 had thyrotoxicosis. Some variability in the rate of elevation of the blood level is observed; however, a relatively constant level was reached in most instances within 24 to 48 hours. The responses to the smaller doses were not very different from the responses to the large one. It is of interest to point out that the peaks in patient 1 ( Figure 5 ) represent specimens obtained at 9 a.m., whereas the alternate low levels represent specimens taken at 9 p.m. The interval of time from the previous dosage of thiouracil was 4 hours in each instance. We have observed in other cases that the blood level sometimes drops following a meal, particularly the night meal. A possible explanation of this phenomenon is discussed later.
In Figure 6 The total excretion in the latter group was greater than in the former; however, the total amount of the drug excreted by any subject was only about one-third of the quantity ingested.
In a few cases, we had the opportunity of following, daily, the changes in the concentration of thiouracil in the blood and urine after discontinuing the administration of the drug. A knowledge of these changes is important in relation to the development of possible complications from this substance and is also of aid in calculating the percentage of the administered drug which is excreted in the urine. One subject who had received 1.2 grams 4 daily for 3 the body in such a way that its sulfur, while still in organic combination, no longer forms a part of S the group N-C-N which gives the color with Grote's reagent, at a pH of from 8.5 to 9. In the case of thiouracil, Mendel and Myers (7) have found that when this substance is fed to dogs, the urine gives a strong qualitative test, which is apparently specific for uracil and cytosine. We are now conducting studies of the specific excretion products of thiouracil which we hope to report at a later date (8) . The daily dosage for patients 1 to 4 was 1.2 grams; for patients 5 to 9, 1.0 gram; for patients 10 to 11, 0.6 gram; and for patient 12, 0.4 gram.
DISTRIBUTION OF THIOURACIL IN BODY FLUIDS
In a group of patients, mostly thyrotoxics, receiving treatment with thiouracil, we made repeated determinations of the content of this substance in the blood, in order to determine the concentration obtained by various dosages of the drug. A summary of these results is recorded in The distribution of thiouracil in different elements of the blood was studied in 4 individuals who had been treated with this substance for several days (Table V) . In 3 subjects, the blood cells were found to contain about 7 times as.much as the plasma; in the other subject, the cells contained twice as much as did the plasma. The (Table VIII) . The amount of the drug in the urine was, in general, about one-third of the total amount ingested; however, there was moderate variability in the quantity excreted by different individuals maintained on the same dosage.
Three patients with nephritis were studied in order to observe the effect of impaired kidney function on tble excretion of thiouracil and on its accumulation in the blood. One patient with chronic glomerular nephritis and marked uremia was given 0.75 gram of the drug for 10 days, during the last 3 of which all urine was saved for analysis. During this time, the average daily amount of the drug excreted was 3 mgm., whereas in normal subjects with comparable treatment, the excretion is 100 times this amount. However, in spite of the failure of the nephritic patient to excrete the drug, the blood level did not exceed the normal range. Another patient with chronic glomerular nephritis and uremia, who was treated with 0.75 gram of thiouracil daily, excreted an average of 24 mgm. per day during a period of 7 days. As in the first case, the blood level remained normal. In a third patient with healed pyelonephritis and only moderate impairment of renal function, the average daily In a series of experiments, we studied the breakdown of thiouracil produced by slices of kidney, pituitary, thyroid, adrenal, pancreas, and striated muscle. In the first experiment, thin slices of tissues, totalling in wet weight from 3 to 6 mgm., were placed in test tubes containing 5 cc. of phosphate medium and 0.48 mgm. of thiouracil. The tubes were shaken in a water bath at 380 C. for 2 hours, during which time oxygen was passed over the surface of the medium. The pH of the solution was 7.4 at the beginning of the experiment and essentially the same at the end. At the end of the experiment, the amount of thiouracil remaining in the medium and the tissues was determined. Two subsequent experiments were conducted using liver slices in addition to the others. These 2 experiments differed from the first in that Warburg vessels were used instead of test tubes, larger quantities of tissues were employed, and 0.50 mgm. of thiouracil was added. All of the tissues were active in destroying the drug (Table IX) ; in some instances, more than 75 per cent was destroyed. Less than 5 per cent of the drug was found in any of the tissues. When the amount of destruction of thiouracil was calculated on the basis of 1 gram of tissue, it was found that the pituitary tissue was the most active, while the thyroid and adrenal were next most active; muscle and pancreas were least active. How-ever, it soon became apparent that within certain limits, the more tissue present, the less was the total destruction. This apparent paradox was investigated in the case of liver slices (Experiments 4 and 5, Table IX (1) .
In conducting such a study, we had hopes of demonstrating in a crude manner the relative concentrations of the drug throughout the various tissues of the body. In interpreting the results, we have borne in mind the fact that all of the subjects studied were markedly abnormal in many ways. In most of the patients, there probably was an impairment in the absorption, distribution, and excretion of the drug. Furthermore, there were variations in the total dosage of the drug and in the interval from death until the analysis of the tissue. The data presented in the previous section suggest that some destruction of the drug might take place immediately after the death of the patient. Frequent analyses were made of the thiouracil content of a diffusely hyperplastic thyroid during an interval of 4 hours following thyroidectomy, but no changes were noted. Similar studies conducted with guinea pig livers and kidneys have shown essentially no changes during the first 2 hours after death of the animal but slight changes thereafter. Once alkaline extracts of the tissue are prepared (1) , no change in the thiouracil content has been found to occur during a period of several days. Almost all of the specimens examined (Table  X) were found to contain thiouracil. In the 5 cases dying within 3 days from the first dose of thiouracil, the greatest concentration of the drug was found in the pituitary, adrenals, bone marrow, and thyroid. In some of the 5 cases receiving thiouracil for 6 days or more, large quantities of the drug were concentrated in the bone marrow, thyroid, ovaries, and pituitary. The adrenals, kidneys, spleen, and pancreas also possessed a relatively large amount, but the muscle, liver, and testes contained a distinctly smaller quantity. In the patients who received treatment for more than 5 days, it was found that the concentration of the drug in most of the tissues was many times its concentration in the blood, in a few specimens being more than 50 times as great.
Surgical specimens
One patient who had been treated for thyrotoxicosis with thiouracil developed attacks of gall bladder colic which was found to be due to gall stones. At the time of the gall bladder operation, a small piece of liver and of skeletal muscle were removed for analysis of the thiouracil content. She had received a total of 17.8 grams of thiouracil during a period of 27 days. The liver was found to contain 23.9 mgm. of the drug per 100 grams (dry weight) while the muscle contained 11.5 mgm. per 100 grams. Therefore, the concentration in each tissue was greater than was found in any of the autopsy specimens. Several factors may perhaps be involved to account for the difference; namely, the better metabolic condition of the patient, longer period of treatment, and shorter period of time for the destruction of the thiouracil by the tissue (analysis immediately after excision of the tissue).
Five patients with goiters were given from 0.5 gram to 0.75 gram of thiouracil for from 3 to 12 days preceding thyroidectomy and the tissue removed was analyzed for the content of the drug. Three of the patients had non-toxic nodular goiters while 2 had toxic goiters. Each of the patients with toxic goiters had received. treatment with potassium iodide for several weeks and their basal metabolic rates were normal, both at the time that thiouracil was begun and at the time of the operation.
The gland of one patient (M. K., Table XI ) contained several nodules, one of which was grayish red, quite cellular, and friable; the other nodules were beefy red, contained a slight excess of colloid and a few strands of fibrous tissue. Microscopic examination revealed that the grayish-red nodule consisted of adenomatous tissue ( Figure 7A ) whereas the remainder of the gland was essentially normal ( Figure 7B) 6. Cerebrospinal, edema, and pericardial fluids were found to contain distinctly less thiouracil than did whole blood; the concentration in pleural and ascitic fluid was about equal to that of blood, whereas milk contained about 3 times as much.
7. Thiouracil is rapidly destroyed by the contents of the stomach and the small intestines. It is also rapidly destroyed by many tissues of the body. 8 . No thiouracil is excreted in the stools. The colon bacillus does not account for its absence since it does not destroy the drug.
